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ABSTRACT: Hydrolytically stable adsorbents are needed for water vapor sorption related applications; however, design principles 
for porous materials with tunable water sorption behavior are not yet established. Here, we report that a platform of 4th generation 
metal-organic materials (MOMs) with rigid frameworks and self-switching pores can adapt their pores to modulate water sorption. 
This platform is based upon the hydrolytically stable material CMOM-3S, which exhibits bnn topology and is comprised of rod 
building blocks based upon S-mandelate ligands, 4,4-bipyridine ligands and extra-framework triflate anions.  Isostructural variants 
of CMOM-3S were prepared using substituted R-mandelate ligands and exhibit diverse water vapor uptakes (20-67 cc/g) and pore 
filling pressures (P/P0, 0.55-0.75). [Co2(R-4-Cl-man)2(bpy)3](OTf) (33R) is of particular interest because of its unusual isotherm. 
Insight into the different water sorption properties of the materials studied was gained from analysis of in situ vibrational spectra, 
which indicate self-switching pores via perturbation of extra-framework triflate anions and mandelate linker ligands to generate 
distinctive water binding sites. Water vapor adsorption was studied using in situ differential spectra that reveal gradual singlet water 
occupancy followed by aggregation of water clusters in the channels upon increasing pressure. First-principles calculations identi-
fied the water binding sites and provide structural insight on how adsorbed water molecules affect the structures and the binding 
sites. Stronger triflate hydrogen bonding to the framework along with significant charge redistribution were determined for water 
binding in 33R. This study provides insight into a new class of 4th generation (self-switching pores) MOM and the resulting effect 
upon water vapor sorption properties.  
INTRODUCTION  
Control over water vapor sorption processes in microporous 
solids is relevant for applications such as heat pumps,1 dehu-
midification,2 moisture harvesting,3 water purification,4 etc.5 
Water capture by porous solids requires water condensation 
occurring at low relative pressure (P/P0 < 0.1) with a steep 
uptake.6 On the other hand, materials for CO2 capture and 
toxic gas removal should exhibit minimal water vapor uptake 
at saturated pressure (P/P0 = 1) since water vapor can act as a 
strong competitor.7 In terms of water capture and release, tra-
ditional sorbents such as silica gels and zeolites are limited by 
their very strong affinity for water vapor and high energy 
footprint for recycling.  
Porous crystalline metal-organic materials, MOMs, such as 
porous coordination polymers, PCPs,8 and metal-organic 
frameworks, MOFs,9 are highly promising materials in this 
context because they can exhibit extra-high surface area and 
their modular nature can lead to fine-tuning of pore size and 
pore chemistry. Such fine-tuning can afford platforms of relat-
ed materials that enable systematic study of structure-function 
relationships of relevance to, for example, gas storage and 
separation.10 Kitagawa has classified porous PCPs and MOFs 
into three generations of materials (Scheme 1):11 1st generation 
materials collapse after guest removal and are rendered non-
porous; 2nd generation MOFs possess framework rigidity upon 
guest removal and usually exhibit Type I adsorption iso-
therms; 3rd generation MOFs were classified as “soft” since 
their frameworks are flexible and characterised by ‘stepped’ or 
‘S-shaped’ isotherms12. Most recently, Su et al.13 defined 4th 
generation materials as porous materials with “modifiable” 
pore size and chemistry through post-synthetic modification14 
(Scheme 2a). Kitagawa has recently proposed that 4th genera-
tion MOFs also include MOFs affected by material anisotropy 
and any number of defects, including solid solutions and mul-
tivariate (MTV) MOFs (Scheme 2b and c).12f A different type 
of 4th generation material would be one that combines a rigid 
framework with self-switching pores that can adapt to a par-
ticular guest through extra-framework counterions that are free 
to move within the pore space (Scheme 2d) or flexible ligand 
substituents (Scheme 2e). Such 4th generation “hard-soft” ma-
terials might therefore, at least in principle, combine the ad-
vantages of 2nd and 3rd generation MOFs while eliminating the 
drawbacks: a) retention of topology and structural integrity 
during gas or vapor adsorption; b) soft pore surfaces that re-
spond to external stimuli, leading to diverse sorption profiles; 
c) most importantly, the ability of self-adapt pore size and 
pore chemistry to accommodate different guest species.  
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Scheme 1. Classification of PCPs and MOFs: (a) 1st genera-
tion materials collapse after guest removal; (b) 2nd generation 
MOFs possess framework rigidity upon guest removal and 
usually exhibit Type I adsorption isotherms; (c) 3rd generation 
MOFs are flexible and characterized by ‘stepped’ or ‘S-
shaped’ isotherms. 
We report herein that CMOM-3S, a chiral porous MOM that 
is hydrolytically stable, is the parent of a platform of related 
CMOM materials that exemplify 4th generation porous mate-
rials in that they can modulate water vapor sorption profiles 
such as water uptake and the relative pressure at which the 
pore filling occurs. CMOM-3S exhibits bnn topology and is a 
variant of CMOM-1S, [Co2(man)2(bpy)3](NO3)2 (man = (S)-
mandelate, 1S, or (R)-mandelate, 1R, bpy = 4,4’-bipyridine). 
CMOM-3S features 1D periodic chiral channels decorated 
with triflate anions (OTf-).15 CMOM-3S is a 4th generation 
prototype that exhibits an adaptable internal surface that can 
serve as a crystalline sponge16 for various phenyl alcohols and 
nitriles.15b In addition, CMOM-3S offers exceptional thermal 
and hydrolytic stability and crystallinity, which enables it to be 
used for chiral purification and enantiomer identification. A 
series of CMOM-3S analogs generated using monosubstituted 
mandelate linkers was prepared and herein we report their 
structures, water vapor sorption properties and insight into 
these properties gained from first-principles modelling and 
spectroscopy.  
 
Scheme 2. 4th generation porous materials are modifiable us-
ing (a) post-synthetic approaches that chemically modify their 
pore structure or they are complex systems that (b) contain 
defects or (c) are non-stoichiometric (solid solution). A differ-
ent type of 4th generation porous materials exhibits rigid 
frameworks with self-switching pores that adapt to a particular 
guest through (d) rearrangement of extra-framework counteri-
ons or (e) reorientation of flexible ligand substituents.  
Four new isostructural variants of CMOM-3S were prepared 
(Figure 1): [Co2(S-man)2(bpy)3](OTf)2 (3S); [Co2(R-2-Cl-
man)2(bpy)3](OTf)2 (13R); [Co2(R-3-Cl-man)2(bpy)3](OTf)2 
(23R); [Co2(R-4-Cl-man)2(bpy)3](OTf) (33R); [Co2(R-4-CH3-
man)2(bpy)3](OTf)2 (43R). These five CMOMs exhibit similar 
BET surface area and uptake for CO2. However, we observed 
that the water sorption profiles of these CMOMs are different 
in terms of water uptake and pore-filling step. In situ infrared 
spectroscopy investigations were conducted upon water-
loaded frameworks, and first-principles modelling revealed the 
preferred water binding sites and corresponding H-bond inter-
actions.
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Figure 1. The five isostructural CMOMs with bnn topology studied herein. (a) Crystal structure of CMOM-3S as a representative. Color 
codes:  C grey, O red, N blue, F green, S yellow, H white. (b) Components for the construction of CMOM-3S, 13R, 23R, 33R, and 43R. 
The structures are sustained by enantiopure mandelate (man) linkers and 4,4’-bipyridine (bpy) ligands. 
RESULTS AND DISCUSSION 
Single crystals of 3S, 13R, 23R, 33R and 43R were pre-
pared by solvent diffusion between MeOH solutions of 
Co(OTf)2·6H2O and the appropriate enantiopure mandelic acid 
layered over 1,2-dichlorobenzene or trifluorotoluene solutions 
of bpy. Single crystal X-ray diffraction studies of these 
CMOMs revealed that all five variants exhibit bnn topology 
(Figures 1 and S1). Four crystallized in chiral space group P21 
whereas 23R crystallized in P212121 (Table S1). Pore chemis-
try, size and shape is in effect controlled by the mandelate 
substituents and the orientation of the OTf- counterions, result-
ing in hourglass pore surfaces of the type seen in 1S and 1R.15a 
The maximum pore size of the 1D channels in these CMOMs 
is limited by the length of the bpy linkers and the cross-section 
is ca. 0.8 × 0.8 nm after subtracting van der Waals radii. 
In 13R, Cl atoms lie between two bpy ligands and orient 
towards an adjacent channel (Figure S1b) whereas substituents 
at the 3- and 4- positions only impact their own channels. Hal-
ogen-halogen interactions exist in 23R and the phenyl rings 
tilt at an angle of ~36° (Figure S1c). This also results in dou-
bling of the unit cell and adoption of the orthorhombic crystal 
system. Reduction of pore size is observed in 33R and 43R 
because of the alignment of -Cl and -CH3 moieties in the 
channels. The void volume of the pores calculated using 
PLATON17 was determined to be 25% (3S), 24% (13R) and 
22% (23R, 33R, and 43R) of the unit cell volume. Powder X-
ray diffraction (PXRD) patterns of as-synthesized CMOMs 
closely match those calculated from single crystal data (Fig-
ures S2-S6). Thermogravimetric analysis revealed 10%-20% 
weight loss upon initial heating and thermal stability to around 
300 °C (Figure S7). Replacing nitrates in 1S to triflates in the 
3S series enhanced thermal stability. The pore aperture of the-
se CMOMs is affected by both the OTf- anions and the phenyl 
moieties, both of which can adapt different positions. This 
suggested to us the possibility that these materials might serve 
as 4th generation “hard-soft” materials12 through self-switching 
of pore size and chemistry. Unlike 3rd generation soft porous 
materials, which can breathe or swell with large unit cell dif-
ferences, movement of OTf- anions (Scheme 2d) and phenyl 
groups (Scheme 2e) would enable pore size and pore chemis-
try to adapt to guest molecules while the framework remains 
rigid. Our experiments reveal that such self-modification in-
deed happens.  
As-synthesized crystals were activated for gas sorption stud-
ies by exchanging with DCM daily for 5 days and degassing 
under dynamic vacuum at room temperature for 24h. The 
permanent porosity of CMOMs was characterized by CO2 
sorption isotherms collected at 195 K (Figure S8). Uptakes of 
83, 75, 86, 85, 82 cm3 g-1 for 3S, 13R, 23R, 33R, and 43R 
were observed, respectively. The specific surface areas calcu-
lated by the Brunauer−Emmett−Teller (BET) equation are 
281, 293, 267, 241 and 203 m2/g, respectively. Unlike earlier 
studies conducted upon MOFs based upon substituted lig-
ands,18 no significant changes in CO2 uptake were observed at 
195K. A steep jump in uptake for 33R and 43R at low partial 
pressure from 0.12 to 0.16 bars suggests that a pore 
size/chemistry change could indeed be induced by the OTf- 
anions and phenyl groups. 
 
Figure 2. Water vapor adsorption (filled circle) and desorption 
(open circle) isotherms collected at 298K. 
Water vapor isotherms were measured at ambient tempera-
ture (Figures 2, S9). The substituted mandelate linker ligands 
enabled significant variation in water sorption behavior. 13R 
and 43R exhibit very little water uptake over the entire relative 
pressure range, indicating hydrophobicity and/or pore block-
age.19 No significant hysteresis is observed for 13R and 43R 
in the desorption process. Conversely, 33R has a water sorp-
tion isotherm that shows little water uptake up to P/P0 = 0.55, 
followed by a steep adsorption and the maximum uptake of 52 
cm3 g-1 at P/P0 = 0.55 along with a hysteresis loop. Similar 
steep increases in uptake were also observed by 3S and 23R, 
at which the relative pressures shifted from 0.55 to 0.65 and 
0.75, respectively, along with hysteresis in the desorption pro-
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cesses. The amount of water adsorbed in CMOMs varied from 
20 to 67 cm3 g-1 at nearly saturated pressure (P/P0 = 0.9), and 
does not correlate with the respective surface areas. However, 
relatively high water loadings for 3S and 23R were measured 
at low relative pressures in the desorption process.  
Unlike many MOFs that collapse after exposure to water 
vapor,20 the CMOMs studied herein are stable to humidity as 
confirmed by PXRD (Figures S2-S6). The experimental 
PXRD patterns reveal that whereas peak intensities change 
between activated and gas-loaded samples, in some cases sig-
nificantly, peak positions are retained. These results indicate 
framework rigidity, an expected feature of 4th generation mate-
rials. CMOMs also pass accelerated stability testing conditions 
of 75% humidity at 40°C for 7 days.21 BET surface area analy-
sis of reactivated CMOMs after incubation (Figure S10) re-
vealed that 13R, 33R and 43R retained their CO2 sorption 
performance when compared to that of pristine samples. 3S 
and 23R were found to exhibit decreased BET surface area 
and less CO2 uptake at 195K, which is consistent with the 
observation of retained water loading after desorption (Figure 
2). 
Table 1. Summary of phonon modes changes upon hydra-
tion of 33R up to ~11 Torr at room temperature 
Phonon modes Original position / cm-1 
Frequency shift at 11 
Torr / cm-1 
ν(CH)phenyl 3070 +8 
ν(CH)methyl 2938 +6 
ν(CC)i.p.ring. bpy 1534 0 
σ(CH)def. bpy 1492 0 
νs(COO) 1416 0 
νas(SO3) 1286 -4 
νs(CF3) 1221 -10 
νas(CF3) 1178 -10 
νs(SO3) 1026 +6 
σ(CH)o.p. bpy 811 +2 
ν(C-Cl) 781 +2 
δas(SO3) 638 +6 
Understanding the water sorption processes is essential for 
gaining an insight into the water binding sites in order to ena-
ble design of the next generation of sorbents. We therefore 
applied  in situ techniques and modelling to structurally and 
physicochemically characterize guest-loaded frameworks to 
provide information about water molecule location and bind-
ing affinity.22 IR spectroscopy can detect water adsorption 
states and probe structural changes upon loading water in 
MOFs.22-23 Measurements were performed on all five samples 
by introducing H2O vapor into the cell as a function of pres-
sure from ~2 to 11 Torr (0.084 to 0.463 P/P0), above which 
water condenses onto the KBr pellet. Based on the adsorption 
isotherm measurement, a steep increase of water uptake occurs 
in 33R at 11 Torr. To identify and interpret any structural 
changes, a detailed assignment of the CMOM vibrational 
modes is necessary and was accomplished by comparing the 
spectra of triflate, pure mandelic acid ligand and bpy (see Ta-
ble 1 for the selected assignment of 33R modes and corre-
sponding spectrum in bottom panel of Figure 3). 
Upon loading water from 2 to 11 Torr into the activated 
CMOMs, no shift of coordinated carboxylate group is con-
sistent with framework rigidity (Table 1). Conversely, signifi-
cant change in the νs(COO) band is commonly observed in 3
rd 
generation materials that contain carboxylate linkers.12a The 
stretching v(OH) band of channel-adsorbed water is present in 
the difference spectra above 3000 cm-1 and the bending 
β(OH2) mode appears at around 1640 cm
-1 (middle panel of 
Figures 3 and S9). A sharp mode appears at 3683 cm−1 at low 
pressure in 33R and slightly red shifts to 3675 cm-1 at ~11 
Torr. This mode, also observed in the other four CMOMs, can 
be assigned to a free OH stretching mode that is not involved 
in hydrogen bonding.24 Another strong band at lower frequen-
cies at 3514 cm-1 in 33R, 3520 cm-1 in 43R, 3541 cm-1 in 13R, 
3524 cm-1 at 23R, and 3528 cm
-1 in 3S is assigned to the OH 
stretching mode of water molecules with very weak hydrogen 
bonding. Together with the growth of the water modes, the 
triflate modes are also perturbed (middle panel of Figure 3), 
including the stretching modes vas(SO3) at ~1286 cm
-1 and 
vs(SO3) at ~1026 cm
-1, the bending mode of δs(SO3) at 638 cm
-
1, and the stretching modes vs(CF3) at 1221 cm
-1 and vas(CF3) 
at 1178 cm-1. These observations suggest that water molecules 
directly interact with triflate anions in the pore channels. At 
~11 Torr, a dramatic increase of water adsorption was evi-
denced by the increase of both its stretching and bending 
bands (middle panel of Figure 3). In addition to changes in the 
water bands, the perturbations of the triflate modes of 33R 
increase much more than those in the other four CMOMs (see 
Figure 3 and Figure S11), indicating a stronger interaction 
between water and triflate ions in 33R (vide infra). Besides the 
perturbation of triflate, there is a change in the absorption 
spectrum of mandelate in 33R induced by water adsorption. 
Firstly, the stretching mode ν of CH from the aromatic ring 
and methylene groups around 3000 cm-1 is strongly perturbed 
in 33R but remains unaffected in the other four CMOMs. An-
other notable change in the difference spectra of 33R is evi-
dent around 700 cm-1, which would be assigned to the pertur-
bation of the benzene ring deformation mode σ(CCC) of man-
delate. This change is also absent in the spectra of the other 
CMOMs. All these observations point to a structural transfor-
mation of triflate anions and phenyl groups in 33R induced by 
the presence of water above 11 Torr.  
The perturbation of the triflate modes in all five CMOMs 
induced by water inclusion into the frameworks suggests that 
water preferentially interacts mainly with triflate anions. It has 
been reported that a v(OH) band above 3660 cm-1 was ob-
served in solid hydrates La(CF3SO3)3
.xH2O, Na(CF3CO2)
 
.xH2O and their concentrated solutions.
25 This sharp band, 
distinguishable from bulk hydrogen bonded water molecules, 
can be interpreted as originating from water screened by the 
CF3 end of the CF3SO3
-. Therefore, it is reasonable to conclude 
that the sharp bands above 3670 cm-1 in CMOMs originate 
from isolated water molecules next to triflate anions. The CH 
bending mode of bpy at 810 cm-1 is also shifted after water 
adsorption, indicating that adsorbed water molecules perturb 
the bpy linker by its oxygen atom interacting with the C-H of 
the pyridyl ring. Differential spectra presented in the top panel 
of Figure 3 provide further information on the adsorbed water 
state upon increasing water vapor pressure to ~11 Torr. The 
spectrum was obtained by subtracting the IR spectrum of ad-
sorbed H2O from the one at the previous pressure point (mid-
dle panel of Figure 3). Below 9 Torr, the peaks of water 
stretching bands grow in a similar trend, indicating a gradual 
occupation of each single adsorption site. Between 11 Torr 
and 9 Torr broadening of the OH stretching band above 3000 
cm-1 occurs. The bending mode β(H2O) also broadens and 
shifts by 10 cm-1, indicating that aggregation of water mole-
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cules through hydrogen bonding had then occured.26 This is 
consistent with the experimental isotherm measurement that 
water uptake steeply increases above ~11 Torr in 33R. The 
broadening and shift of both stretching and bending bands in 
the differential spectra are absent in the other four materials. 
 
Figure 3.  Top panel: differential spectra showing the increase of 
water bands with the pressure increase, each spectrum was refer-
enced to previous data collected at lower pressure; middle panel: 
difference spectra of H2O adsorbed into 33R as a function of wa-
ter vapour pressure (bottom), referenced to activated 33R in vacu-
um (<20 mTorr base pressure); bottom: IR spectra of activated 
33R, reference to pure KBr pellet in vacuum (<20 mTorr base 
pressure).  
In order to validate the water adsorption sites, first-principle 
calculations were conducted on the desolvated 13R, 33R, and 
43R structures. Our first-principle calculations were per-
formed at the density functional theory (DFT) level using 
VASP27 with the vdW-DF exchange-correlation functional.28 
The ground state relaxed structures indicate no significant 
difference of the orientation of the mandelate linkers in the 
unperturbed 13R, 33R, and 43R structures after removing the 
solvent.  
The main structural difference between the CMOMs studied 
herein is the substitution of the mandelate ligands. The spec-
troscopic evidence points to the possibility of a structural rear-
rangement of triflate anions in all CMOMs and the phenyl 
groups at ~11 Torr only in 33R. To analyze the effect of water 
on the structural changes of CMOMs, a water molecule was 
added to find the probable binding sites.  Several potential 
sites in close proximity to the mandelate linker and triflate 
anions were tested. Consistent with the spectroscopic indica-
tion that water mostly interacts with triflate anions in all three 
CMOMs, we found that the water molecule binds to the tri-
flate anion via a hydrogen bond to the oxygen of the sulfate 
group. The configuration of the water molecule is affected by 
the mandelate functionality; for example, in 33R, the non-
interacting H is oriented towards the neighboring methyl 
moiety. This binding causes a rearrangement of the triflate 
anion as it rotates slightly and moves position (Table S3), 
thereby explaining the observed perturbation of vas(SO3), 
vs(SO3), δs(SO3) vs(CF3) and vas(CF3) modes in Figure 3. The 
water molecule is confined within the channel and its interac-
tions with other parts of the CMOM cavity produce a sharp 
OH stretching mode in the IR spectra. The rest of the struc-
ture, including bpy and mandelate, remain only slightly affect-
ed, which is consistent with the spectroscopic observation that 
these modes are not obviously perturbed.  
The binding energy of water varies only slightly between 
the three structures and shows no clear distinction to indicate 
why 33R uptakes H2O while 13R and 43R do not. We found 
that 13R has the strongest binding, followed by 43R, and then 
33R but with variances of only 3-5 %. To further understand 
the nature of the water interaction, we also tested the binding 
strength of water to the framework without the presence of the 
interacting triflate anion as well as how the water binds to the 
triflate anion in the absence of the framework. The binding 
strengths are summarized in Table S2. A water molecule will 
bind to the isolated triflate anion with a strength of –0.278 eV, 
which is weaker than the water binding to the full CMOM 
system. Additionally, the binding strength of the water to the 
CMOM structures in the absence of the interacting triflate 
anion tells us that water would bind to the CMOM structure 
for the chlorinated systems of 13R and 33R, but the 43R sys-
tem is hydrophobic as water binding is unfavorable.   
Bond distances for the various interactions of the water, 
CMOM, and triflate anion are presented in Table S3. The most 
interesting interaction happens when comparing the distance 
of the triflate anion to the CMOM structure at the point of the 
hydrogen bond between the triflate oxygen and OH of the 
mandelate. Upon addition of water, the hydrogen bond dis-
tance increases for the 13R and 43R structures but decreases 
in the 33R structure. The most drastic case is 13R where the 
distance increases by 0.4 Å. However, the presence of one 
water molecule in these structures does not affect the pore size 
in comparison of those of the ground state (Table S4).    
To further understand how water molecules affect the 
CMOM structures and the nature of the binding, charge rear-
rangement upon binding was calculated. The charge rear-
rangement was calculated by subtracting the charge density of 
the isolated CMOM structure and the isolated water molecule 
from the charge density of the water bound to the CMOM 
structure. Figure 4 shows the rearrangement for each structure. 
The blue and yellow lobes around the atoms and molecules 
indicate a change in charge distribution due to binding. The 
most likely explanation for the disparity of water uptake is that 
water is affecting the nature of the hydrogen bond between the 
triflate anion and the OH of the mandelate. All three models 
show expected charge rearrangement of the water molecule 
and triflate anion; however, in the 33R structure, water bind-
ing affects the triflate to a much greater extent than for 13R 
and 43R. 43R shows near zero charge rearrangement on the 
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carboxylate and mandelic functional upon addition of the wa-
ter molecule (Figure 4b). The chlorinated mandelate ligands of 
33R and 13R show slight charge rearrangement upon binding 
of the H2O. Taking into account the much more prevalent 
charge redistribution found in 33R along with the hydrogen 
bond distance between the triflate and OH of the mandelate 
shortens, it is likely the water is having a much more drastic 




Figure 4. Charge redistribution upon binding H2O in CMOM-13R (a), 33R (b), 43R (c) structures, focusing at the interaction of the H2O-
OTf- with the carboxylate of the mandelate. Blue color indicates a loss of charge and yellow color a gain of charge upon binding. Atoms 
colored as follows: C grey, O red, N blue, H white, Co pink, S yellow, F green, and Cl orange. Visualization was done at an isosurface 
value of 3x10-3 e/Å3.   
CONCLUSION  
In summary, the CMOMs reported herein represent exam-
ples of a new type of 4th generation “hard-soft” porous materi-
al resulting from the inherent flexibility of phenyl groups and 
the ability extra-framework triflate anions to rearrange their 
lattice positions. The outcome is pore size and chemistry that 
can adapt to accommodate guest molecules while the frame-
work remains rigid. In a previous study we revealed that the 
parent material 3S can take advantage of its inherent chirality 
and its soft pores to selectively bind chiral alcohols.15b Herein, 
we have demonstrated that the self-switching nature of an 
isostructural family of these materials enables them to adsorb 
water molecules in varying ways. In particular, distinctive 
water uptake and pore filling pressures were observed in the 
five isostructural CMOMs studied herein. In situ IR character-
ization and theoretical simulations revealed that water mole-
cules are involved in various hydrogen bonding interactions 
and that the extra-framework triflate anions are engaged in 
these interactions. Overall, we were able to modulate water 
sorption. We consider these results to be broadly relevant in 
that they suggest that 4th generation porous materials are well-
suited to modulate other relevant vapor and gas sorption pro-
cesses.  
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